Objectives: This investigation evaluated the role of obesity in health status and behaviors for weight management and exercise among individuals with type 2 diabetes mellitus (T2DM) or cardiometabolic risk factors. Methods: Self-reported health status, exercise behaviors, and weight management were assessed in the SHIELD study for respondents with T2DM or high risk (HR) for diabetes (ie, Ն3 of the following: abdominal obesity, body mass index [BMI] Ն28 kg/m 2 , self-reported diagnosis of dyslipidemia, hypertension, or history of cardiovascular disease). Respondents were stratifi ed into three BMI categories: Ͻ25 kg/m 2 (underweight or normal weight), 25.0−29.9 kg/m 2 (overweight), and Ն30 kg/m 2 (obese), with comparisons made using analysis of variance.
O R I G I N A L R E S E A R C H
Association of overweight and obesity with health status, weight management, and exercise behaviors among individuals with type 2 diabetes mellitus or with cardiometabolic risk factors
Introduction
Health behaviors of individuals with or at risk for type 2 diabetes mellitus and those with a high body mass index (BMI) continue to be important drivers of health outcomes from a public health perspective. 1, 2 The burden of diabetes is substantial, including increased mortality, higher risk for cardiovascular disease (CVD), caregiver burden and economic costs approximating $174 billion annually. 2, 3 The burden of being overweight or obese, whether or not it is coexistent with type 2 diabetes mellitus, is equally signifi cant. Using the National Health and Nutrition Examination Survey (NHANES) 1999−2002, the Centers for Disease Control and Prevention estimated that 65% of the US population is overweight or obese, representing a 16% increase over estimates obtained from NHANES 1988−1994. 4 Overall, employers and privately insured individuals spent $36.5 billion on obesity-linked illnesses in 2002, up from an infl ation-adjusted $3.6 billion in 1987.
While the societal impact of diabetes and obesity is substantial, both remain largely self-managed conditions. Therefore, patient characteristics, such as health-related attitudes and behaviors, are important to achieving good health outcomes. Given the patient-level responsibility for managing diabetes, it is important to understand how various aspects of health attitudes and behaviors interact to drive both positive and negative health outcomes. Previous studies have shown that patient attitudes about overall health are predictive of future levels of functioning and mortality. 6 Older people who assessed their global health, self-care ability, and physical activity less favorably were more likely to experience poor physical functioning and increased mortality. 6 Evidence from the Study to Help Improve Early evaluation and management of risk factors Leading to Diabetes (SHIELD) showed that individuals with type 2 diabetes or cardiometabolic risk factors were aware of the behaviors necessary to maintain or improve their health but were not exhibiting these behaviors in their daily lives. 7 A better understanding of the interaction of individuals' health status and behaviors and obesity can lead to increased opportunities for intervention and may enhance the likelihood for improved clinical outcomes. The objective of this study was to evaluate the association between health status and behaviors and obesity among individuals with type 2 diabetes mellitus and those at high risk for diabetes mellitus in order to understand whether obesity infl uenced the association between diabetes mellitus and health status and behaviors toward weight management and exercise.
Methods

SHIELD survey
SHIELD included an initial screening phase to identify cases of interest in the general population and a baseline survey to follow up identifi ed cases with a questionnaire about health status, health knowledge and attitudes, and current behaviors and treatments. A detailed description of the SHIELD methodology has been published previously.
7−10
The screening survey was mailed on April 1, 2004 , to a stratifi ed random sample of 200,000 US households, representative of the US population for geographic residence, household size and income, and age of head of household, 11 identifi ed by the Taylor Nelson Sofres National Family Opinion (TNS NFO) panel (Greenwich, CT). The head of household provided responses to the screening survey for up to four adult (aged Ն18 years) household members. A response rate (computed as completed surveys/surveys mailed) of 63.7% was obtained from 127,420 households (containing 211,097 adults).
Based on the screening survey, respondents without diabetes mellitus were classifi ed as high risk or low risk for diabetes using fi ve cardiometabolic risk factors that were identified through epidemiological studies and national guidelines: 12,13 1) abdominal obesity (defi ned as waist circumference Ն97 cm for men, Ն89 cm for women); 2) BMI Ն28 kg/m 2 ; 3) reported diagnosis of cholesterol problems of any type (ie, dyslipidemia); 4) reported diagnosis of high blood pressure (ie, hypertension); and 5) history of cardiovascular disease (defi ned as reported heart disease/ heart attack, narrow or blocked arteries, stroke, heart bypass surgery, or angioplasty/stents to clear arteries). Respondents with Ն3 risk factors were classifi ed as high risk, and respondents with 0−2 risk factors were classifi ed as low risk.
The baseline survey was mailed in September and October 2004 to a representative sample of individuals (n = 22,001) who were identifi ed in the screening survey as having type 1 diabetes mellitus, type 2 diabetes mellitus, or 0−5 risk factor levels. Each respondent group was balanced to be representative of that population for age, gender, geographic region, household size and income for the US population, and then a random sample from each group was selected and sent the baseline survey. A response rate of 71.8% was obtained (n = 15,794). We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research.
Study measures
Self-reported health status was measured by two questions. Survey respondents were asked their level of agreement with the statement: "My health is excellent". Respondents who "strongly agree" or "somewhat agree" that their health was excellent were hypothesized to be more likely to have healthy behaviors (exercise regularly, manage weight) and were included in the analyses. Respondents were also asked, "Overall, how concerned are you that your health problems might get worse over time". Respondents who indicated "moderately concerned" or "very concerned" were hypothesized to be more motivated to do healthy behaviors so their health would not worsen.
Exercise behaviors were reported as "exercising regularly for at least the past six months" or "not currently exercising regularly but considering starting to exercise regularly in the next six months". These two exercise categories were analyzed to explore actual good exercise behavior (ie, regular exercise) as well as the intention or contemplation of exercise. Weight management was assessed by a series of questions over different time frames. Respondents were asked if they had "tried to lose weight during the past 12 months," "tried Obesity impact on T2DM behaviors to keep from gaining weight in the past 12 months," "actively tried to lose weight in the past month," "actively tried not to gain weight in the past month," "seriously considered trying to lose weight to reach goal in the next six months," and "maintained desired weight for more than six months".
BMI was stratifi ed into three categories to assess its infl uence on health attitudes and behaviors. BMI Ͻ 25.0 kg/m 2 was classifi ed as underweight or normal weight (about 1% of respondents were underweight with BMI Ͻ 18.5 kg/m 2 ), BMI between 25.0 and 29.9 kg/m 2 was classifi ed as overweight, and BMI Ն 30 kg/m 2 was classifi ed as obese.
Statistical analysis
Type 2 diabetes mellitus (n = 3,918) and high-risk (n = 5,464) respondent groups were included in the analysis. Comparison across BMI categories was made using analysis of variance with Fisher's least signifi cant difference post-hoc testing.
Comparisons between type 2 diabetes mellitus and highrisk groups were made using chi-square tests for pair-wise comparisons tests while applying a Bonferroni adjustment for multiple comparisons so that statistical signifi cance was set a priori as p Ͻ 0.01.
Results
Type 2 diabetes mellitus respondents were older and had lower education and lower household income compared with high-risk respondents (p Ͻ 0.001 for each comparison) ( Table 1 ). There were signifi cantly fewer whites among the type 2 diabetes mellitus respondents than among the high-risk respondents (p Ͻ 0.001). A large percentage of respondents were obese in both groups, but signifi cantly more high-risk respondents (68%) were obese than type 2 diabetes mellitus respondents (62%) (p Ͻ 0.001). This difference may be due to the risk factor criteria for the high-risk group, which included abdominal circumference and BMI Ն 28.
Health status
Current health status differed signifi cantly between groups; 23% of type 2 diabetes mellitus respondents agreed (strongly or somewhat) that their health was excellent, compared with 33% of high-risk respondents (p Ͻ 0.001) ( Table 1) . Almost three quarters (71%) of respondents with type 2 diabetes mellitus were concerned (very or moderately) that their health problems might get worse, compared with 60% of those at high risk (p Ͻ 0.001) ( Table 1) . However, being overweight or obese was signifi cantly negatively associated with current health status and future health in both type 2 diabetes and HR groups. Individuals with diabetes mellitus who were also overweight or obese were signifi cantly less likely to agree that their current health was excellent (30.6% and 18.4 %, respectively), compared with high-risk respondents who were overweight or obese (41.5% and 29.9%, respectively) (p Ͻ 0.001) (Figure 1 ). Within the type 2 diabetes mellitus and high-risk groups, signifi cantly fewer obese respondents agreed that their current health was excellent compared with overweight and underweight or normal weight respondents (p Ͻ 0.001), although no differences were observed between overweight and normal weight groups. Respondents with diabetes mellitus who were overweight or obese were significantly more likely to be concerned that their health problems would worsen over time (63.2% and 76.2%, respectively), compared with those who were high risk and overweight or obese (53.2% and 62.5%, respectively) (p Ͻ 0.001) ( Figure 1 ). Among those who were underweight or normal weight, there was no signifi cant difference observed between type 2 diabetes mellitus and high-risk groups concerning current health state or future health status ( Figure 1 ).
Exercise
Overall, no difference was observed between the type 2 diabetes mellitus and high-risk groups with regard to whether they were "contemplating regular exercise in the next 6 months" or who "currently exercised regularly", p = 0.48 (Table 1) . Among overweight patients, a greater proportion of high-risk respondents stated that they were contemplating exercising compared with type 2 diabetes mellitus respondents (p Ͻ 0.003) (Figure 2 ). There was a significant difference across BMI groups: obese respondents in both groups were signifi cantly more likely to be thinking about exercising and signifi cantly less likely to be engaged in regular exercise than the overweight and normal weight groups (p Ͻ 0.001) (Figure 2 ).
Weight loss
Diabetes status (type 2 diabetes mellitus or high risk) did not impact attempts to lose or maintain weight when controlling for BMI category for underweight or normal weight and overweight respondents (Table 2) . For obese respondents, a signifi cantly greater percentage of type 2 diabetes mellitus respondents had tried to lose or maintain weight in the past month and past 12 months compared with high-risk respondents (p Ͻ 0.001). The proportion of respondents who attempted to lose or maintain weight differed signifi cantly across BMI category, with a signifi cantly higher percentage of obese respondents attempting weight management (p Ͻ 0.001 for both type 2 diabetes mellitus and high risk) ( Table 2) .
For "maintaining desired weight for more than 6 months" and "seriously considering trying to lose weight to achieve weight goal," signifi cantly fewer obese respondents, both type 2 diabetes mellitus and high risk, maintained desired weight, but a significantly higher percentage of obese respondents seriously considered trying to lose weight than underweight or normal weight and overweight respondents (p Ͻ 0.001) ( Table 2 ). Among overweight respondents who maintained desired weight, a higher percentage of respondents with type 2 diabetes mellitus maintained weight compared with the high-risk group (p Ͻ 0.001) ( Table 2) .
Discussion
In the present study, independent of T2DM or HR status, BMI (ie, obesity) was strongly associated with health status and behaviors. Moving from normal weight to overweight to obese, views of current health declined and views of future health were signifi cantly more pessimistic, whereas the stated intention or desire to lose or maintain weight and to exercise regularly was signifi cantly stronger. Yet the percentage of respondents who currently exercised or actually maintained desired weight was lowest among the obese respondents.
Thus, despite what may be appropriately directed desires for better health, the outcomes reported among obese individuals were decidedly poorer. Moreover, the health status of individuals with and at high risk for diabetes mellitus were similar, although there was an important difference in their current and future health status. Individuals with diabetes mellitus were less apt to report that their current health was excellent and more likely to expect that their health would deteriorate. 
Weight management
Tried to lose weight in past 12 months, % 69. Obesity impact on T2DM behaviors
The fi ndings from this study have important implications. Individuals with the highest BMI and whose health status were the most negative (ie, disagree that current health is excellent, and concerned about future health) were the least likely to be able to lose weight or exercise regularly. Having diabetes mellitus slightly increased the negative association regarding current and future health, but had no effect on health behaviors with respect to exercise and weight management. The fi ndings from the present study identifi ed one major risk factor, obesity, for clinicians to focus upon to assist their patients in learning how to change behaviors regarding weight and exercise.
In a previous SHIELD investigation, approximately one half of type 2 diabetes mellitus and high-risk respondents had been advised by their healthcare professional to change their diet and exercise habits, yet they were the least likely to report regular exercise in the past 12 months and the most likely to state that they did not intend to start. 7 Given the results of the present study and previous investigations, clinicians need to provide more than a recommendation to change behavior and perhaps provide the tools or toolkits to help individuals change behaviors and incorporate exercise and healthier diet into their everyday lives. Materials such as the GAMEPLAN toolkit provided in the "Small Steps, Big Rewards" type 2 diabetes mellitus prevention campaign of the National Diabetes Education Program might prove especially helpful in this area.
14 Future research should be focused on breaking through the circular pattern of obesity (ie, obese individuals exercise less and this contributes to the progression or maintenance of obesity) and the inability to implement health-promoting behaviors. Research is needed to determine whether regular exercise and weight management can be maintained among diabetes patients so that longterm complications are avoided. Medical efforts now focused on those with diabetes mellitus also need to be focused on those who are overweight or obese, because obese people at risk for diabetes mellitus may be more optimistic about their future health and more able to implement changes. National health policy and educational efforts need to be focused on health attitudes and behaviors that can decrease weight and maintain normal weight to improve health outcomes.
This study provides evidence of the impact of obesity on health attitudes and behaviors in a large sample of type 2 diabetes mellitus and high-risk respondents who are representative of the US population. However, there are limitations to the study that should be considered. Only a small percentage (5%-8%) of consumers invited to participate in the TNS NFO panel elect to do so, and those who participate are accustomed to completing surveys, leading to the possibility of selection bias. Household panels tend to under-represent the very wealthy and very poor segments of the population and do not include military or institutionalized individuals. These limitations are true for most random sampling and clinically based methodologies. In addition, the determination of type 2 diabetes mellitus and high-risk status was made based upon self-report rather than clinical or laboratory measures for blood glucose, hypertension, cholesterol, height, and weight.
Conclusion
The diagnosis of type 2 diabetes mellitus was negatively associated with individuals' view of their current health and concerns about health in the future. However, differences in concern about future health, exercise and weight management between type 2 diabetes mellitus and high-risk groups were almost entirely explained by BMI differences rather than the presence of diabetes mellitus per se. By the time a person is diagnosed with type 2 diabetes mellitus, they are very likely to be overweight or obese, not exercising and having a diffi cult time controlling their weight, and showing increased concerns about their future health. Clinicians need to be aware of this impact of obesity when instructing their patients to initiate and maintain healthy behaviors.
